A screening test on 29 microorganisms for transformation of xanthohumol led to the selection of twelve fungal strains. One of them, Beauveria bassiana AM278, converted xanthohumol into a glucosylated derivative. This product was identified as xanthohumol 4Ј-O--d-4ٞ-methoxyglucopyranoside.
Introduction
Xanthohumol [3Ј-(3,3-dimethylallyl)-2Ј,4Ј4-trihydroxy-6Ј-methoxychalcone] is the main prenylflavonoid of hop (Humulus lupulus L.) (Cannabaceae). Hops, the female inflorescences, are traditionally used in the brewing industry to add bitterness, aroma and flavour to beer. They are also a very rich source of bitter acids and prenylflavonoids. However, the best source of xanthohumol is the residue of supercritical carbon dioxide hops extraction, named spent hops. This hop processing waste product is free of the bulk of the bitter acids, and it is cheap.
Xanthohumol has recently received attention due to its various biological activities. It has been shown to be a potential anticancer agent (Colgate et al., 2007; Guerreiro et al., 2007) . In addition, it exhibits properties such as antimutagenic and antioxidant (Miranda et al., 2000) , antiviral (Buckwold et al., 2004) , among them anti-HIV-1 (Wang et al., 2004) , and has been also patented as a drug for osteoporosis (Tobe et al., 1997) .
Microbial transformation of xanthohumol has been poorly documented so far (Herath et al., 2003; Kim and Lee, 2006) . The aim of the present work is to generate novel microbial metabolites of xanthohumol.
Materials and Methods

Microorganisms
Fungi used in the study were purchased from Institute of Biology 
Cultivation of fungi
The fungi were maintained on agar slants and grown on a Sabouraud medium consisting of 3% glucose and 1% peptone. The cultures were shaken at 25 ∞C in 100-ml Erlenmeyer flasks with 25 ml of the medium in the screening studies and in 300-ml Erlenmeyer flasks with 100 ml of the medium in the preparative-scale transformation.
Conditions for transformations
Transformation experiments were performed in the dark under the conditions described above. In the screening experiments 10 mg of xanthohumol, dissolved in 0.5 ml of acetone, were added to the cultures and the reaction mixtures were incubated for 7 d. The preparative-scale fermentations were carried out with 30 mg of xanthohumol dissolved in 2 ml of acetone, and the reactions were continued for 6 d. All the experiments were per-formed in duplicate and with a control (the substrate in a sterile growth medium).
Reaction work-up and product analysis
In the screening experiments the fermentation media were extracted with 15 ml of ethyl acetate in one portion, whereas in the preparative-scale transformation they were extracted twice with 25 ml of ethyl acetate. The extracts were evaporated, and the residue dissolved in methanol and analyzed by TLC and HPLC. TLC was carried out on Merck silica gel 60, F254 (0.2 mm thick) plates. HPLC was performed on a Waters 2690 Aliance chromatograph with a Waters 996 photodiode array detector (detection at 280 and 370 nm wavelength) using an analytical HPLC column (Waters Spherisorb 5 μm ODS2, 4.6 ¥ 250 mm) at a flow rate of 1 ml/min. A linear solvent gradient from 40 to 60% aqeous MeCN containing 1% HCOOH over 40 min was used. The product of xanthohumol transformation by Beauveria bassiana was separated by column chromatography on silica gel 60 (230Ð400 mesh, Merck) using chloroform/ methanol (9:1 v/v) as eluent. The NMR spectra 
Results and Discussion
In order to select the microorganisms capable of transforming xanthohumol we performed screening tests on 29 fungal strains. The results are presented in Table I. TLC and HPLC demonstrated that 12 of the tested fungi metabolized the substrate. Two of them, Cunninghamella japonica and Penicillium notatum, belong to the genera earlier reported as being capable of xanthohumol transformation (Kim and Lee, 2006) . Aspergillus flavus and Botrytis cinerea are known to transform other prenylated flavonoids (Tahara et al., 1997) . In our experiments we observed that Aspergillus ochraceus transformed xanthohumol, however, a Botrytis cinerea culture did not Ð the unchanged substrate was recovered.
For scale-up studies we have chosen the fungus Beauveria bassiana, because it showed the highest transformation efficiency (Fig. 1) .
From the 6-day transformation extract we isolated a metabolite identified as xanthohumol 4Ј-O--d-4ٞ-methoxyglucopyranoside (Fig. 2) .
Several remarkable differences were observed in the 1 H and 13 C NMR spectra of this compound, when compared with xanthohumol. Thirteen pro- . . ton signals and seven carbon ones, corresponding to a sugar group were observed in the region ranging from δ H 3.0 to 5.44, and from δ C 60.2 to 100.2. The low-field shift of H-5Ј in the 1 H NMR spectrum of the product (δ 6.39) compared to xanthohumol (δ 6.05) suggests a substitution of the hydroxy group at C-4. 1 H-1 H NMR and 1 H-13 C NMR experiments allowed to establish unambiguously the sugar moiety structure. The lack of the 4ٞ-OH signal and the presence of a new singlet of three protons at 3.47 ppm indicated the methoxy group at C-4ЉЉ. Additionally, in the 1 H-13 C NMR spectrum, we observed the correlation of this signal with the signal at 60.2 ppm, typical for methoxy carbon atoms. Our data correspond very closely to those described in the literature for 4Ј-O--glucopyranoside, which was obtained from xanthohumol in a Penicillum chrysogenum culture (Kim and Lee, 2006) . Glycosylation and methylation of phenolic OH-groups are common mammalian metabolic features (Nookandeh et al., 2004; Yilmazer et al., 2001a, b) . However, in microbial systems this reaction is rare and the reports are limited. In our previous investigations, we observed the glucosylation of naringenin in the analogical position, leading to prunin, by Beauveria bassiana (Huszcza et al., 2007) . This species is known as a highly regioselective bioreagent (Grogan and Holland, 2000) . It is questionable whether flavonoids are more effective in the human body as free aglycones or as the whole molecules. This is specific for a particular flavonoid and for its biological activity (Hodek et al., 2002) .
Conclusions
Beauveria bassiana proved to glycosylate xanthohumol, the main prenylflavonoid of Humulus lupulus. With respect to the growing interest in this natural compound of important biological activity, this result is a noteworthy contribution to research in this area.
